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EVALUATION OF OIL APPLICABLE TO HFC134A 
Masaki Nomura Katsumi Sakitani 
Susumu Hiodoshi Masahiro Minowa 
Tatsuya Kato 
Daikin Industries, Ltd 
3-21 Chikko-Shinmachi,Sakai,Osaka 
ABSTRACT 
According to the Montreal Protocol, the production of the CFC refrigerants will be banned after January 1st 1996. Therefore, the HFC refrigerants will be used as alternative for the CFCs. Since mineral oils which are used for the CFCs are not applicable to the HFCs because of its insolubility to the HFCs, the development of synthetic oil has advanced. 
This paper discusses the details on the evaluation of oil for application to HFC134a. We conducted theoretical evaluation of base oil from the structural point as well as experimental evaluation. As a result, we selected polyolester oil as a suitable oil for HFC134a. 
The report concludes that polyolester oil is applicable to HFC134a, if moisture and impurity content as well as moisture content. 
l.JNTRODUCTION 
HFC134a has higher polarity in comparison with CFC12 and does not dissolve in the alkylbenzene oil or other widely used mineral oils, which causes insufficient oil return to a compressor. In addition, the chloride film which improves lubricating ability of sliding surfaces does not form, because HFC134a has no chlorine content. 
Therefore, oil manufacturers have developed ester oils and polyglycol oils which have high solubility and good lubricating ability. However, polyglycol oils have a problem of electric resistivity due to its molecular structure and is not suitable for a hermetic compressor with a built-in motor. Therefore, we have selected ester oils as candidates due to their high volume resistivity. 
We investigated ester oils used for high temperature application which have a viscosity grade between 56 and 68 from the following points of view and determined the optimum oil. 
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!.Thermal and chemical stability 
2.Lubricating ability 
3.Compatibility with materials 
2. SPECIFICATION OF OILS INVESTIGATED 
Ester is classified by its structure as hindered ester, co
mplexed ester, 
polycarbonated ester and so on. Since ester in general hy
drolyzes by moisture 
content, we narrowed down the selection to hindered es
ter which dose not 
easily hydrolyze. Though it is possible to synthesize man
y esters by various 
combination of fatty acid and alcohol, we investigated the
 ester oils shown in 
Table-1. The table also shows their typical characteristics. 
3. TECHNICAL PROBLEMS AND EVALUATION BY 1EST RESUL
TS 
Though it is true that lubricating ability and compatibility
 with materials 
are important, the most important criterion is to determine
 the oil which will 
not easily deteriorate. First we conducted a rough test. fr
om the thermal and 
chemical stability point of view and narrowed down the nu
mber of suitable oils 
and investigated them in more detail. Taking the characterist
ics of ester oils into 
account, we determined thermal and chemical stability 
as well as stability 
against hydrolysis, deterioration from oxidation and impuri
ties ( supplementary 
materials used in processing ) as test conditions. As a r
esult, we determined 
sample E and investigated in detail. 
3-1. Hydrolyzing ability 
Ester hydrolyzes under the existence of moisture, which i
s considered to 
be its weakest point. Therefore, we investigated the oil de
terioration life taking 
hydrolysis into consideration. The increase of TAN is 
proportional to the 
coexisting moisture content. Also, the increase of TAN is a
lmost proportional to 
time under the low hydrolysis degree. The reaction speed
 by temperature can 
be obtained by applying the Arrhenius equation. 
We investigated hydrolyzing ability by varying moisture 
content in the 
oil, temperature, and time using the sealed tube test. As a 
result, the following 
conclusions are obtained: 
(1 )The increase of moisture content in the oil is nearly
 proportional to the 
increase of TAN. 
(2)The actual increase of TAN caused by hydrolysis is 
smaller than that 
calculated by the equation( 1 ). This show that the moisture c
ontent in the oil 
is not completely consumed by hydrolysis. 
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TAN = Moisture[ppm] x M(KOH) x 103 / M(HzO) x 106------ ( 1 ) 
M(KOH):molecular weight of KOH 
M(H20):molecular weight of H20 
The Arrhenius equation based on the increase of TAN by hydrolysis is 
generally used for evaluation of oil deterioration life by hydrolysis. Fig.-1 
shows the calculated curves based on this equation. The curves are almost 
straight lines. The results are shown in Fig.-1. 
3-2. Lubricating ability 
We investigated lubricating ability under the coexistence of HFCI34a 
and ester oil using a friction testing machine under high pressure. Many papers 
report that HFC 134a/ester oil degrades resistance against abrasion and seizure 
more than CFC12/mineral oil. We also confirmed that HFC 134a/ester oil 
degrades the currently used sliding materials. 
This is due to extreme pressure effect of chlorine, low viscosity-pressure 
coefficient of ester oils and little effect of extreme pressure additives. 
Particularly, sliding surface between Fe and Al shows more remarkable 
difference than that between Fe and Fe. We changed the materials of sliding 
surface for improvement. 
3-3. Compatibility of materials 
Various metallic and organic materials are used for compressors. We 
evaluated the compatibility of these materials with HFC134a/ester oil. 
3-3-1. Metallic materials 
We conducted a corrosion test with a device which uses a simple sliding 
mechanism to investigate the influence of fatty acid. As a result, only 
aluminium alloy with tin content shows corrosion. 
From the above mentioned results, aluminium alloy bearing metal is 
corroded by acid generated through ester hydrolysis. We investigated the 
influence of ambient temperature and TAN of oil by material test and a 
compressor test. We also conducted a test with other materials. As a result, the 
currently used material corroded under the conditions of TAN above 0.5 and 
temperature above 15o·c. Compressor test results agree with material test 
results. Therefore it is important to change bearing metal materials or control 
TAN of ester oil if currently used materials are to be used. 
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3-3-2. Organic materials 
We investigated the rate of weight change after immersin
g the organic 
materials into the mixture of the refrigerant and the o
il. As a results, in 
comparison with the currently used materials the rate of 
weight change tends 
to be smaller. 
3-4. Influence of impurities ( subsidiary materials used in 
process ) 
There are some reports on clogging of capillary tubes in 
a system with 
HFC134a/ester oil. We considered that some of processi
ng oils used during 
manufacturing cause clogging and badly affect a system 
with HFC134a/ester 
oil. Therefor, we narrowed down the causes to the foll
owing 3 points and 
evaluated them. 
(1 )Clogging of capillary tubes ( separation and deposition o
f unsoluble content 
of refrigerant ) 
(2)Deterioration of refrigerating machine oil which causes 
sludge 
(3 )Copper plating phenomenon 
Though oils used for manufacturing processes are rou
ghly classified into 
processing oils ( for such as cutting, drawing, pressing ), 
cleaning agents and 
rust preventives, their actual number of types counts up t
o more than several 
hundreds. Therefore, based on the results of sealed tube 
test and theoretical 
investigation by their composition, we selected som
e typical oils and 
investigated how mixture content influences the above men
tioned 3 points. 
First, we investigated the influence of the oil impuri
ty content on 
clogging. We a operated compressor test for 200 hour
s varying discharge 
temperature and investigated capillary tube clogging by 
flow drop rate. The 
results are shown Fig.-2. Though clogging is largely influ
enced by impurities, 
clogging ( rate of flow drop ) is almost proportional to im
purity content. If the 
impurity content is large, clogging is greatly related to dis
charge temperature. 
Next, we investigated deterioration of refrigerating m
achine oil by 
increase of TAN using sealed tube test. Some impurities 
containing additives 
such as highly reactive extreme pressure agents ( particula
rly chlorine agents ) 
have an influence on oil deterioration. 
Finally, we investigated copper plating using a simple 
device to test 
sliding under the same conditions. Som~ impurities have an
 influence. 
4. EVALUATION BY CO:MPRES,SOR TEST 
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Based on the above mentioned material tests, when usmg ester it is 
necessary: 
1. To reduce and control moisture and impurities content at manufacturing for 
prevention of oil deterioration ( particularly hydrolysis ) 
2.to change the material of the sliding part and reduce the load for ensuring 
lubricating ability. 
Therefore, we conducted a compressor test controlling moisture and impurity 
content from the point of view of reliability. Table-2 shows the test 
results.Within the scope of the items in the Table-2, no particular problems 
were found. 
5. CONCLUSION 
We investigated the compatibility of refrigerating machine oil, organic 
materials and sliding part materials with refrigerant HFC134a when used for 
hermetic compressors with built-in motors. We conducted a compressor test to 
confirm reliability and have come to the following conclusions. 
( 1 )Considering the importance of the stability of oil (particularly to 
hydrolysis), we have determined hindered ester. In order to lessen oil 
deterioration, it is necessary to control oils so that moisture may not get into a 
system during the manufacturing processes. 
(2)0verall evaluation clarifies that the rate of weight change does not influence 
the compatibility of HFC 134a with ester oil. 
(3 )The test results of resistance against seizure and abrasion of sliding 
materials show that lubricating ability remarkably decreases with the mixture 
of HFC 134a and ester oil. 
After having investigated new materials, we determined materials equivalent 
to those currently in use. 
The compressor test shows that under the specified conditions, hindered 
ester oil has equivalent reliability to the oils currently in use. We will further 
conduct tests for improvement of reliability with compressor mounted air 
conditioners under wide operating conditions. 
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Table-1. Structure and typical characteristics of investigated oils 
Ester oil visc
ositY. V.I. 
base oil additive 
f cSt(a)40 C l alcohol main fattv acid AQ3J AC
4 l 
A 68 102 C5llinearl 0 -
8 60 95 C51branchedl 0 -
c 56 125 PE 1, C6(1inearl 0 0 
D 55 92 C71branchedl - -
E 65 90 C81branchedl 0 0 
F 60 115 NPG
2l C71branchedl 0 0 
1 )pentaerythritol 2)neopentylglycol 3)antioxidant 4)acid chaching agent 
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Fig.-1 Test results of esterE hydrolysis 
Test conditions:ratio of oil/ref.=2/1 
moisture content:o:o50, 1 00, 200ppm 
catalyst=Fe, Cu, AI 
temperature["C]&time[Hrs]= 
















a: -20 Td(R22) +20 
Discharge gas temperaturerc] 
Fig.-2 Relation of impurities content 
to capillary tube clogging 
:impurities oil 1% 
----- :impurities oil 0.1% 
Table-2. Evaluation results by compressor mounted applied product 
Compressor 
Operating Friction of Copper Sludge 
TAN of Deterioration of Overall 
conditions sliding part plating oil organic materials evaluation 
fteciprocating type continuow OK OK OK OK OK O
K 
Rotary piston type running OK OK OK OK OK OK 
Scroll type (2000Hrs) OK OK OK OK OK OK 
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